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Abstract: Urbanization has been shown to create a rapid change in the environment as you
move from rural areas to urban areas. It can create a multitude of effects on the environment.
Some examples include, land disturbance, pollution, increasing temperatures and a disturbance
in vegetation and biodiversity. Insects are useful organisms that provide maintenance and
upkeep for ecosystem functioning. The rapid development of urbanization and how it is
changing the environment may impact insect morphology. Measuring morphological change
in organisms have been used successfully as indicators of environmental and ecological
disturbance. Changes that take place in an insect’s morphology may indicate stress and
environmental instability, which will help deepen the understanding of urbanizations impact
on urban ecosystems. To evaluate the effect of urbanization on insect morphology, I conducted
a meta-analysis of 23 published peer-reviewed studies focused on insect morphology within
the context of urbanization. The resulting sample sizes and effect sizes given for changes in
morphological traits were extracted and converted to effect size Pearson’s (r) for a more
uniform measurement to analyze in the meta-analysis. I wanted to assess how urbanization
impacted insect morphology and understand what may be the driving the effect of urbanization
on insects. To identify possible sources of variation across studies, I analyzed five variables
that focused on morphological traits, insect order, ecological level, environmental conditions
and sex. The results indicated that although the overall effect size (r=0.19) of all studies
included showed a change or significant effect in the morphological traits of insects between
urban and non-urban areas, only ~25% of those studies had an actual impact. The majority,
~75% of studies did not show urbanization to have a significant impact on insect morphology.
The insect orders, Hymenoptera, Hemiptera, Odonata and Orthoptera showed a significant
effect in morphological changes. Studies that focused on body size and a combination of
multiple morphological traits showed a significant effect in morphological changes. In terms
of ecological organizations, both population and community groups studied had a significant
effect on insect morphology. Disturbance and temperature were the only environmental
conditions that showed a significant effect. Studies that measured changes in insect
morphology with combined male and female populations showed a significant effect in
morphological changes versus studies that focused on a singular sex. These findings may
suggest urbanization is causing morphological changes in insects by some capacity but it is not
as impactful as one would presume.
One of the more notable changes
taking place in terrestrial ecosystems is the

rapid development of cities in response to
rapid human population growth (Seto

and Shepard 2009). By 2050, over half of
the global population will reside in urban
areas and with it, there will be significant
changes in the surrounding environment
(Seto and Shepard 1970). Physical
characteristics that distinguish cities include
a significant amount of concrete, buildings
and cars with minimum vegetation as
opposed to more suburban or rural areas
(Andersson 2006). These characteristics
contribute to a multitude of environmental
changes, some of which include temperature
increase (Shepard 2015), habitat
fragmentation (Weller & Ganzhorn 2004),
pollution (Polidori et al. 2018) and
disturbance in vegetation and biodiversity
(Bonebrake & Cooper 2014). They may also
act as a strong evolutionary force on
population genetics and life‐history traits of
species (Alberti et al. 2017; Johnson &
Munshi‐South, 2017). The resulting effects
have created a concern for how organisms
within terrestrial ecosystems may be
affected. Due to this, it is important to gain
an understanding of the effects of
urbanization on taxonomic and functionally
diverse groups in order to advise and
promote biodiversity conservation
(Dearborn & Kark, 2010) and ecological
restoration in cities (Standish, Hobbs, &
Miller, 2013).
Insects are of ecological relevance
because of their enormous diversity and their
important role as providers of ecosystem
services and in ecosystem functioning
(Gutiérrez 2020). Examples include
pollination and seed dispersal and the
breakdown and return of nutrients in the soil
food web (Weisser and Siemann 2008). The
decline of naturally occurring insect
populations has raised awareness about the
urge to preserve natural habitats and reduce
the factors that cause these negative effects
(Gutiérrez 2020). Because of this, there is a
need to understand how insects respond to
urban environmental change (Gutiérrez

2020), which will help in understanding their
evolutionary fitness and which biological
process will be most important in the success
or failure of the response, impacting global
biodiversity (Peck 2011).
Ways that insect groups could be
affected include an increase or decrease in
survival (Corcos 2019), reproduction rate
(Miles 2019), bilateral symmetry, a decrease
in resources, causing a decrease in body size
(Miles 2019) and other behavioral
transformations (Magle 2011). For example,
Miles et al. (2019) found that species of
insects with higher critical thermal optima
tend to be better able to survive in urban
areas compared to those with lower critical
thermal optima (Miles et al. 2019). This
resulted in the male reproductive output to
reduce by 50% (Miles et al. 2019). Another
example from Al-Shami et al. 2014 found
high levels of fluctuating asymmetry in
selected traits for two Odonata species were
associated with pollution and the
deterioration in water quality in the Serdang
River in Kedah, Malaysia (Al-Shami et al.
2014).
Urban biodiversity has been
previously studied, focusing on factors that
operate within cities, such as patch area,
fragmentation and vegetation cover (Beninde
et al. 2015). Relevant studies look at and
show urbanization to decrease species
richness (Martinson & Raupp 2013;
McKinney 2008; Fenoglio et al. 2020) and
abundance (Fenoglio et al. 2020) but results
are limited on whether or not urbanization
has a significant impact on insect
morphology.
Previous meta-analyses have not
looked at insect morphology and
urbanization on a broader scale that
encompasses multiple insect orders and
species. Ground beetles were used in a metaanalysis to look at the effects of urbanization
on ground beetle communities (Martinson &
Raupp 2013). Other meta-analyses found

measured species richness and abundance
along urban–rural/natural gradients
(McDonnell & Hahs 2008) and insect
diversity and abundance (Fenoglio et al.
2020) are affected by urbanization. Both are
similar in terms of trying to understand
urbanizations effects on an insect
measurement and what it means from an
evolutionary standpoint but neither looked at
morphological changes over multiple insect
orders.
A method for assessing population
health under environmental changes is
measuring the morphological traits of
insects. The field of morphology, is one of
the oldest biological disciplines that has
significantly contributed to our
understanding as to how animals’ function
and how the overwhelming diversity of
phenotypes evolved (Wanninger 2015).
Morphology seeks to find the reason for
structure and to understand the relation of
different structural forms to one another
(Snodgrass 1935). Organisms result from
adaptive processes interacting across
different time scales. One such interaction is
that between morphological development
and evolution (Kriegman et al. 2018).
Models have shown that development
sweeps over several traits in a single agent,
sometimes exposing promising static traits.
Subsequent evolution can then convey these
rare traits (Kriegman et al. 2018). Thus,
morphological development can, under the
right conditions, increase evolvability
(Kriegman et al. 2018). This allows
evolution to continue climbing fitness
gradients by tinkering with the
developmental programs for controllers
within these permissive body plans
(Kriegman et al. 2018). Morphology, must
see forms as plastic physical adaptations to
the work to be performed (Snodgrass 1935).
A few physiological functions are basic to
all organisms; they are essential to the
continuance of matter in a living state

(Snodgrass 1935). The various structural
types of organisms are special ways of
accomplishing these functions, that is, for
doing the same things in different ways or
under different circumstances (Snodgrass
1935). Some represent improvements in the
machinery along established lines; others
represent changes or new ideas developed
along new and divergent lines (Snodgrass
1935). Among insects, morphological
changes can be measured by observing its
morphological traits such as leg lengths,
wing patterns, antenna lengths, body shape
and many others. Measurements can be taken
after exposure to environmental stressors and
by tracking their development after growth,
as there will be certain markers on the
organism indicating that there was a
deviation in symmetry (Smith 2008).
The major objective of this metaanalysis is to explore possible sources of
variation that may explain why there are
different results regarding urbanization’s
effect on morphology across these different
insect studies.
First, are different groups of insects
more or less sensitive to urbanization? In the
face of climate change-related events and
anthropogenic disturbances, understanding
the impacts of these events on species
richness, abundance and distribution is
important for us to mitigate biodiversity loss
and better predict consequences for the
environment and for human life (Beasley
2013).
Second, are different morphological
traits more or less sensitive to urbanization?
Changes in morphology or simple changes in
size can lead to novel functions, while in
other cases changes in form can occur
without performance consequences. This can
possibly not only reveal potential
misconceptions that can arise from the
descriptive statistical analyses often used in
ecological and evolutionary research, but
they also show how new functions, and novel

consequences of changes in morphology,
can arise simply as the result of changes in
size or habitat (Koehl 1996).
Third, does the ecological level
(population and community) influence the
magnitude of effect urbanization has on
insect morphology? Biodiversity is an
important component of an ecosystem that
promotes functional diversity and improves
ecological stability by influencing the
resistance to environmental change (Tait et
al. 2005). Therefore, it needs to be
conserved in all aspects and scales (Tait et
al. 2005). Considering the current urban
population growth as a major global trend,
preserving and enhancing biodiversity in
urban areas is of paramount importance in
order to decelerate the rapid rate of
biodiversity loss (Alvey 2006).
Fourth, does a specific urban
environmental condition have more or less
of an effect on insect morphology
(temperature, landscape changes, heavy
metals)? Environmental alteration for urban
development prompts ecological changes
across urban centers, ranging out towards
the surrounding undisturbed areas.
Depending on the alteration, insects might
modify their behavior or morphology to
cope with the urban environment (Badejo et
al. 2020).
Fifth, does sex influence the effects
of urbanization on insect morphology?
Changes in the ability of insects to create
offspring along the urban-to-rural gradient,
could result in shifts in the ratio of males to
females and affect future population size and
biodiversity (Fitch 2019).

urban*, suburban OR rural AND insect
morphology*, gradient AND insect AND
body*, where the asterisk denotes variable
word ending. The use of Google Scholar over
other databases is due to its open accessibility
on the internet and the studies used in this study
can be easily found.
I only included studies that focused on
urbanization, meaning there had to be a clear
indication that the insects collected came from
at least one urban site and one suburban/rural
site. The studies also had to measure insects
and their morphology. Studies that did not
explicitly focus on the urban environment and
its effects were not included because the
purpose of the meta-analysis was to focus on
the effects of urbanization, studies where an
urban environment was absent from the study
would deviate from the main point of the metaanalysis. Studies that did not focus on insects
and those that assessed a different parameter
than morphology, such as behavior, life history,
biodiversity, etc., were not included. Literature
reviews and meta-analyses were also not
included. A total of 52 papers were found and
23 of these papers fit the inclusion criteria that
were identified (Table 1).

Materials and Methods
I. Search Strategy & Inclusion Criteria
To identify studies of the effects of
urbanization on insect morphology, I
conducted a literature search via Google
Scholar, using a combination of the following
search terms: fluctuating asymmetry AND

III. Meta-Analysis
The values that correspond to an effect
size statistic for morphological traits given in
each paper (mean, standard error, rho, z
statistic, f statistic, r squared, chi-square, t
value, odds ratio, p value and r value) were

II. Explanatory Variables
I considered the following set of traits:
environmental conditions- any environmental
factor that is changing due to urbanization,
different levels of ecological organizationswhether the sample was taken from a
homogenous group of species or heterogenous
groups of species, insect order- what order of
insects are being used to study urbanization and
its effects on insect morphology, insect
measure – what type of measurement the study
used, insect morphology- what morphometric
trait was being measured, sex– male or female.

recorded. These values were sourced from the
studies tables, figures and through the text in
the results section. WebPlotDigitizer (Rohatgi
2020) was used to capture data from graphs in
studies that did not provide its numerical data
in text, table or supplementary material. I then
converted each effect size to Pearson’s (r)
using an effect size calculator (Wilson 2001;
Defite 2009) prior to its input into the metaanalysis software. Once the effect sizes were
calculated, a meta-analysis was created using
the excel program, Meta-Essentials workbook
five (Hak et al. 2016). The values inputted into
the program were automatically converted to
(z) by using Fisher’s r-to-z transformation.
This is because transformed correlation (z)
will tend to normality faster and the
transformation is variance stabilizing. For this
transformed correlation, a standard error was
estimated based on the number of subjects, the
sample size. If the confidence interval fell to
the right of the vertical 0.00 correlation, the
variable being tested is significantly affected
by urbanization. If the confidence interval hits
or falls to the left of the 0.00 correlation line,
there is no significant effect. A prediction
interval is calculated and is defined as the
interval within which the effect size of a new
study would fall if this study was selected at
random from the same population of the
studies already included in the meta-analysis
(Ades et al. 2005). It reflects the uncertainty
expected in the summary effect if a new study
is included in the meta-analysis (Ades et al.
2005).
IV. Publication Bias
Meta-Essentials workbook five was
used to account for publication bias. Effect
size (r) for all studies were inputted and
automatically converted using the Fisher’s (z)
transformed correlation coefficients and then
the software created a funnel plot (Hak et al.
2016).

Results
Overall, ~25 % of studies showed

urbanization to have a significant effect on
insect morphology and ~75% of studies did
not, meaning there is, to some capacity, a
significant change in morphological traits
(r=0.19) (Figure 1). 60% of the insect orders,
Hymenoptera (r=0.10), Hemiptera (r=0.18),
Odonata (r=0.07) and Orthoptera (r=0.04),
morphological traits were significantly
affected by urbanization (Figure 2). ~30% of
insect orders were not affected, Lepidoptera
(r=0.19), Coleoptera (r= 0.26), Diptera
(r=0.25), and the combined effect size for
insect orders was not significantly affected
(Figure 2). ~69% of morphological traits
assessed were shown to be significantly
changed, body (shape, size, weight and
length) (r=0.30) and studies encompassing
multiple morphological traits (r=0.06)
(Figure 3). ~30% of morphological traits not
affected include, wing (shape, size, length
and fluctuating asymmetry) (r=0.13) as well
as the combined effect size for morphological
traits (Figure 3). Urbanization had a
significant effect (100%) on the morphology
of insect species assessed within broader
insect communities of the same species
(population group) (r=0.11) and insects that
live among different species of insects
(community group) (r=0.26) (Figure 4). The
combined effect size showed there was a
significant effect on morphological changes
due to urbanization (Figure 4).
Environmental changes such as, disturbance
(r=0.29) and increasing temperatures (r=0.04)
had a significant impact, on insect
morphology, ~22% (Figure 5). Distance from
city (r=0.05), ground covering (r=0.21),
studies that looked at multiple different
environmental conditions (r=0.05) and the
combined effect size did not observe a
statistically significant difference in insect
morphology due to urbanization, ~78%
(Figure 5). Studies that measured changes in
insect morphology with combined male and
female populations (r=0.19) had a significant
effect on morphology due to urbanization,

33.33%, as opposed to studies focusing on
just females (r=0.28) or just males (r=-0.23),
66.66% (Figure 6). Males had a significant,
non-significant effect, due to its effect size
being negative to the 0.00 correlation line.
All except one variable analyzed in this
meta-analysis did not observe a statistically
significant change in insect morphology. The
variable that caused a statistically significant
impact on insect morphology due to

urbanization, ecological organization,
indicates that there is an increase in
morphological changes to some capacity as
insects moves closer into urban areas.
There is an indication that publication
bias is present due to asymmetry in the funnel
plot (Figure 7). In an ideal funnel plot, the
funnel plot would be symmetrical, where
studies are scattered equally on both sides of
the overall effect line. For this meta-analysis,
the included studies have mainly scattered to
the right side of the funnel plot, indicating
severe asymmetry and the presence of
publication bias.

Table 1 Summary table of studies used in the meta‐analysis, showing effect size, Pearson’s
(r) and sample size.

Fig. 2 Forest plot analysis for the overall effect size of all studies. Values of Fischer’s z,
calculated for all studies. Circles denote means; horizontal lines indicate 95% confidence
intervals. The blue dots represent individual studies. The green dot represents the combined
effect size. The confidence interval (in black) and its prediction interval for the combined effect
size (in green).

Fig. 1 Subplot analysis for insect order. Values of Fischer’s z, calculated for insect orders. Circles
denote means; horizontal lines indicate 95% confidence intervals. The last line represents the
combined effect size with its confidence interval (in black) and its adjusted combined effect size
(in red).

Fig. 3 Subplot analysis for morphological traits. Values of Fischer’s z, calculated for
morphological traits. Circles denote means; horizontal lines indicate 95% confidence intervals.
The combined effect size with its confidence interval is represented by the black portion of the
interval. The red line represents the adjusted combined effect size.

Fig. 4 Subplot analysis of ecological level. Values of Fischer’s z, calculated for ecological
levels. Circles denote means. Horizontal lines indicate 95% confidence intervals. Red dots
represent subgroups. The green dot represents the combined effect size. The combined effect
size confidence interval is in black and the red horizontal line represents the adjusted combined
effect size. For the combined effect size, the prediction interval is in green.

Fig. 5 Subplot analysis for environmental condition. Values of Fischer’s z, calculated for
environmental condition. Horizontal black lines indicate 95% confidence intervals. The combined
effect size with its confidence intervals in black and the adjusted combined effect sizes are in red.

Fig. 6 Subplot analysis of insect sex. Values of Fischer’s z, calculated for sex. Horizontal
black lines indicate 95% confidence intervals. The combined effect size with its confidence
interval is in black and the adjusted combined effect size is in red.

Fig. 7 Funnel plot publication bias analysis. A vertical line (in red) that runs
through the adjusted combined effect size and the corresponding lower and
upper limits of the confidence interval (red diagonal lines). Inside the triangle
represents the region where 95% of the data points would lie if there was no
publication bias. Large studies appear outside of the triangle.

Discussion
Overall, my findings revealed that
urbanization significantly influences insect
morphology in some contexts, but not always.
Specifically, some insect groups are more
susceptible than others. Certain morphological
traits are more sensitive to urbanization than
others. Some changes in environmental
conditions have more of an effect on insect
morphology than others. Males appear to be less
affected by urbanization than populations with
both male and females. The only variable
analyzed that showed to cause a significant
effect on morphological traits due to
urbanization was the ecological organization, in
both population and community groups.
Overall, there is a significant combined
effect size across all studies in terms of the
effect of urbanization on insect morphology
even though most of the studies do not show
that urbanization has a significant impact on
insect morphology. Figure 1 gives a broader
context to what trends the subplot analysis
show. Changes in these morphological traits can
either impact the insects functioning and
movement capabilities (Quirog et al. 2015) or a
lack of, can indicate they are adapting to the
changing environment. Quirog et al. (2015)
measured the development stability of Aedes
albopictus from three different breeding sites in
an urban gradient. They found that the species
populations present in the three areas were
developmentally unstable. On the other hand,
Kamden et al. (2012) found that Anopheles
gambiae adapted to urban environments through
niche shifts. As insect populations adapt and
live within these newly emerging urban
environments, abnormal and drastic changes in
their morphological traits could possibly either
limit their capabilities to survive which would
cause a decrease in their evolutionary fitness or
indicate that their bodies are trying to adapt to a
new environment (Quirog et al. 2015).
Hymenoptera, Hemiptera, Orthoptera
and Odonata expressed sensitivity to

urbanization and because they are pollinators
and beneficials, this could affect pollination, the
health of plants and as a result, the biodiversity
of plants in urban environments. Because
morphology has shown to be impacted, the
normal distance and area covered by these insect
orders could decrease, causing a decline in plant
biodiversity. Venn et al. (2003) studied the
effects of urbanization on carabid beetle
abundance and how that affected the biodiversity
of urban green spaces (Venn et al. 2003). They
found without urban green areas for sensitive
species to inhabit, there is little possibility of
improving the biodiversity of urban green spaces
(Venn et al. 2003). This would result in
assemblage changes in urban forests (Venn et al.
2003). If biodiversity is to be maintained in
urban areas, priority must be given to the
provision of those habitat features which are
essential for sensitive species (Venn et al. 2003).
The reasons why there were insect orders that
did not express a change in insect morphology
due to urbanization, Lepidoptera, Diptera and
Coleoptera, could be explained by a study
performed by Theodorou et al. (2020) where
they found that city sites had lower insect
species richness, particularly of Diptera and
Lepidoptera, than neighboring rural sites, this
could explain the lack of change in insect
morphology due to a lack of species present in
urban environments. They also found that
Coleoptera showed a positive response to
landscape diversity in both urban and rural
habitats (Theodorou et al. 2020), which could
indicate they are adapting to urban
environments.
Insect morphology in population and
community groups have shown to be affected by
urbanization. This brings up the issue of
mutualism and how this will affect mutualistic
interactions between organisms. Rocha &
Fellowes (2020) used a tri-trophic system of
aphids and their associated predators and
mutualistic ants to evaluated how increased
urbanization might affect interactions between
mutualists and other trophic groups (Rocha &

Fellowes 2020). They found that anthropogenic
changes associated with urbanization may alter
the structure of local ecological assemblages,
with some taxa (predatory and mutualistic ants)
benefiting more than others (specialist insect
predators) (Rocha &Fellowes 2020). This could
be cause for concern because with disrupted
mutualism comes limited resources, which may
affect population size and the survival of that
species and biodiversity in a community or
population as a whole.
Certain morphological traits were
impacted. This could be the result of habitat
loss, access to food and other resources as well
as physiological changes in the insects (Venn et
al. 2003). The increase in urban landscapes
limits the amount of area that these insects
would normally live in if the environment
stayed rural (Venn et al. 2003). Increasing
temperatures may cause stress on the insect’s
physiology due to them having to now survive
in a new climate (Angilletta et al. 2007). This
could indicate adaptation. Angilletta et al. 2007
conducted a study that compared the thermal
tolerances of leaf-cutter ants (Atta sexdens)
from colonies inside and outside of São Paulo,
Brazil (Angilletta et al. 2007). When exposed to
the stressful temperature of 42°C, ants from
colonies within São Paulo survived 20% longer
than ants from colonies surrounding São Paulo
(Angilletta et al. 2007). The greater heat
tolerance did not affect the insect’s cold
tolerance. (Angilletta et al. 2007). The change
in heat tolerance and lack of change for cold
tolerance indicates adaptation took place. This
could also indicate adaptation, as wing
morphology was not impacted by urbanization.
Wilk-da-Silva et al. (2018) found while
studying the effects of urbanization on wing
morphometrics in Aedes aegypti, they were
highly adapted to man-made changes and
instead of increasing wing-shape variability, the
rate at which changes in in wing shape
increased due to stronger selective pressures.
Populations with both male and female
insects showed to be affected by urbanization,

this could affect fecundity. If male and female
bodies are increasing or decreasing in size and
there are certain abnormalities in morphological
traits, then this could create more failures in the
process of mating. Juliano (1985) completed a
study looking at the effects of body size on
mating and reproduction in Brachinus lateralis
(Juliano 1985). He found that fecundity is
positively correlated with body size (Juliano
1985). The bigger the body size, the ability to
reproduce increases. If urbanization is causing a
decrease in body size, this negatively affects
fecundity. This would result in population
decline and create a negative effect on the urban
ecosystem. On the other hand, if body size is
increasing, this positively affects fecundity and
can increase population size. Because studies
that only focused on males or females did not
show a significant change in morphology due to
urbanization, this could possibly be explained by
the lack in need to increase or decrease in size
due to the population containing only one sex.
Limitations to this study include, possible
studies not included due to the lack of access to
certain journals. Another limitation is I only
looked at five variables that urbanization could
affect, when there are more to be looked at.
Some of which include, tolerance to certain
temperatures, behavior and adult sex ratio.
Ideas for future research include,
comparing behavior between insects in urban
areas that have changed morphologically and
insects that are “normal” that have not been
affected by urbanization. Through the course of
completing this meta-analysis, certain insect
orders dominated the current available studies.
Conducting studies that focus on different insect
orders could help further understand the
magnitude of urbanization on insect
morphology. For example, Brans et al. (2018)
found that water fleas, Daphnia magna, which
are a part of the insect order Siphonaptera, living
in Brussels had a higher heat tolerance—by up to
2 °C—than Daphnia living in cooler countryside
ponds. This was partially due to a reduction in
body size (Brans et al. 2018). There is still more

work to be done in understanding the magnitude
of urbanizations effects on insects.
Acknowledgement
I would first like to thank Dr. DeAnna Beasley
who was my thesis director for this project. I
would also like to thank the UTC Honors
College and URaCE for funding this project.

References

Ades A.E., Lu G., Higgins J.P. (2005). The interpretation of random-effects meta-analysis in
decision models. Med Decis Mak. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/16282215/
Alberti, M., Correa, C., Marzluff, J.M., Hendry, A.P., Palkovacs, E.P., Gotanda, K.M., Zhou, Y.
(2017). Global urban signatures of phenotypic change in animal and plant populations.
Proceedings of the National Academy of Sciences USA, 114, 8951–8956.
Al-Shami, S., Hishamuddin, S., Salmah, M.D., Nurul Huda, A. & Hassan, A. (2014).
Developmental instability in Odonata larvae in relation to water quality of Serdang River,
Kedah, Malaysia. Life Science Journal. Retrieved from
https://www.researchgate.net/publication/262010138_Developmental_instability_in_Odonata
_larvae_in_relation_to_water_quality_of_Serdang_River_Kedah_Malaysia
Alvey, A. (2006). Promoting and preserving biodiversity in the urban forest. ScienceDirect
Retrieved from https://www.sciencedirect.com/science/article/pii/S1618866706000732
Andersson, E. (2006). Urban landscapes and sustainable cities. ResearchGate. Retrieved from
https://www.researchgate.net/publication/42763935_Urban_Landscapes_and_Sustainable_Ci
ties
Angilletta M.J., Wilson R.S., Niehaus A.C., Sears M.W., Navas C.A., Ribeiro P.L. (2007). Urban
Physiology: city ants possess high heat tolerance. Plos One 2(2): e258. Retrieved from
https://doi.org/10.1371/journal.pone.0000258
Badejo, O., Leskinen, J., Koistinen, A., Sorvari, J. (2020). Urban environment and climate
condition-related phenotypic plasticity of the common wasp Vespula vulgaris. ResearchGate.
Retrieved from
https://www.researchgate.net/publication/344403185_Urban_environment_and_
climate_condition-related_phenotypic_plasticity_of_the_common_wasp_Vespula_vulgaris
Banaszak-Cibicka, W., Fliszkiewicz, M., Langowska, A. Żmihorski, M. (2017). Body size and
wing asymmetry in bees along an urbanization gradient. SpringerLink. Retrieved from
https://link.springer.com/article/10.1007/s13592-017-0554-y
Beasley, D., Bonisoli-Alquati, A., Mousseau, T. (2013). The use of fluctuating asymmetry as a
measure of environmentally induced developmental instability: A meta-analysis. Ecological
Indicators. volume (30). 218-226. doi: 10.1016/j.ecolind.2013.02.024
Beasley, D., Fitzgerald, J., Fowler, A., Keleher, K., López-Uribe, M., Dunn, R. (2019). Do bee
wings adapt for flight in urban environments? BioOne Complete. Retrieved from
https://bioone.org/journals/Southeastern-Naturalist/volume-18/issue-2/058.018.0210/Do-BeeWings-Adapt-for-Flight-in-Urban-Environments/10.1656/058.018.0210.full

Beasley, D., Penick, C., Boateng, N., Menninger, H., Dunn, R. (2018). Urbanization disrupts
latitude‐size rule in 17‐year cicadas. Wiley Online Library. Retrieved from
https://www.onlinelibrary.wiley.com/doi/full/10.1002/ece3.3879
Beninde, J., Veith, M., Hochkirch, A. (2015). Biodiversity in cities needs space: A meta‐analysis of
factors determining intra‐urban biodiversity variation. Ecology Letters. doi:
10.1111/ele.12427
Bonebrake, T., Cooper, D. (2014). A Hollywood drama of butterfly extirpation and persistence
over a century of urbanization. SpringerLink. Retrieved from
https://link.springer.com/article/10.1007/s10841-014-9675-z
Brans, K.I., Meester, L.D. (2018). City life on fast lanes: Urbanization induces an evolutionary
shift towards a faster lifestyle in the water flea Daphnia. British Ecological Society.
Retrieved from https://doi.org/10.1111/1365-2435.13184
Castro, A., Porrini, D., Lupo, S., Cicchino, A. (2019). Minimal stories in Southeast Buenos Aires
grasslands: Carabid beetle biodiversity throughout an urban-rural gradient. SpringerLink.
Retrieved from https://link.springer.com/article/10.1007/s11252-019-00925-y
Carvalho, G., Vendrami, D., Marrelli, M., Wilke, A. (2017). Wing variation in Culex nigripalpus
(Diptera: Culicidae) in urban parks. SpringerNature. Retrieved from
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-2348-5
Corcos D., Cerretti, P., Caruso V., Mei M., Falco M., Marini L. (2019). Impact of urbanization on
predator and parasitoid insects at multiple spatial scales. National Library of Medicine.
Retrieved from https://pubmed.ncbi.nlm.nih.gov/30943220/
Dearborn, D. C., & Kark, S. (2010). Motivations for conserving urban biodiversity. Conservation
biology: the journal of the Society for Conservation Biology, 24(2), 432–440. Retrieved
from https://doi.org/10.1111/j.1523-1739.2009.01328.x
DeFite, J. (2009). Effect Size Calculator. Retrieved from
https://www.scribd.com/document/202357811/Effect-Size-Calc-excel
Diamond, S., Dunn, R., Frank, S., Haddad, N., Martin, R. (2015). Shared and unique responses of
insects to the interaction of urbanization and background climate. ScienceDirect. Retrieved
from https://www.sciencedirect.com/science/article/pii/S2214574515001455
Dunkle, E. (2019). The impacts of urbanization on ground beetle functional traits (Coleoptera:
Carabidae). The Ohio State University Knowledge Bank. Retrieved from
https://kb.osu.edu/bitstream/handle/1811/87475/DunkleEllen_thesis.pdf?sequence=1&amp;is
Allowed=y
Durante, L., Serephim, N., Freitas, A. (2018). How urbanization affects multiple dimensions of
biodiversity in tropical butterfly assemblages. ResearchGate. Retrieved from
https://www.researchgate.net/publication/329423348_How_urbanization_affects_multiple_di
mensions_of_biodiversity_in_tropical_butterfly_assemblages

Elek, Z., Lovei, G., Batki, M. (2014). No increase in fluctuating asymmetry in ground beetles
(Carabidae) as urbanisation progresses. ResearchGate. Retrieved from
https://www.researchgate.net/publication/277924070_No_increase_in_fluctuating_asymmetr
y_in_ground_beetles_Carabidae_as_urbanisation_progresses
Fenoglio, M., Rossetti, M., Videla, M. (2020). Negative effects of urbanization on terrestrial
arthropod communities: A meta‐analysis. Wiley Online Library. Retrieved from
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.13107
Fitch G., Glaum P., Simao M.C., Vaidya C., Matthijs J., Iuliano B., Perfecto I. (2019). Changes in
adult sex ratio in wild bee communities are linked to urbanization. National Library of
Medicine. Retrieved from https://pubmed.ncbi.nlm.nih.gov/30842451/
Foster, C., Kelly, C., Rainey, J., Holloway, G. (2020). Effects of urbanisation and landscape
heterogeneity mediated by feeding guild and body size in a community of coprophilous
beetles. SpringerLink. Retrieved from https://link.springer.com/content/pdf/10.1007/s11252020-00997-1.pdf
Francuski, L., Ludoški, J., Lukač, M., Milankov, V. (2019). Fine scale population structure of
hoverfly pollinator, Eristalis arbustorum: An integrative study. SpringerLink. Retrieved from
https://link.springer.com/article/10.1007/s10841-019-00202-5
Gomez, G., Dyck, H. (2011). Ecotypic differentiation between urban and rural populations of the
grasshopper Chorthippus brunneus relative to climate and habitat fragmentation.
SpringerLink. Retrieved from https://link.springer.com/article/10.1007/s00442-011-2189-4
Grandchamp, A., Niemelä, J., Kotze, J. (2000). The effects of trampling on assemblages of ground
beetles (Coleoptera, Carabidae) in urban forests in Helsinki, Finland. SpringerLink. Retrieved
from https://link.springer.com/article/10.1023/A:1015707916116
Gutiérrez, Y. (2020). Multiple mechanisms in which agricultural insects respond to environmental
stressors: canalization, plasticity and evolution. Revista de Ciencias Agrícolas, 37(1), 90-99.
Retrieved from https://doi.org/10.22267/rcia.203701.129
Hak, T., Van Rhee, H. J., & Suurmond, R. (2016). How to interpret results of meta-analysis.
(Version 1.0) Rotterdam, The Netherlands: Erasmus Rotterdam Institute of Management.
Retrieved from www.erim.eur.nl/research-support/meta-essentials/download
Hoffman, J. (2015). Meta-analysis. In Biostatistics for medical and biomedical practitioners / (pp.
645–653). Academic Press. Retrieved from https://doi.org/10.1016/B978-0-12-8023877.00036-6
Johnson, M.T.J., Munshi‐South, J. (2017). Evolution of life in urban environments. Science.
Retrieved from https://science.sciencemag.org/content/358/6363/eaam8327.abstract

Juliano S. A. (1985). The effects of body size on mating and reproduction in Brachinus lateralis
(Coleoptera: Carabidae). Wiley Online Library. Retrieved from
https://doi.org/10.1111/j.1365-2311.1985.tb00724.x
Kaiser, A., Merckx, T., Dyck, H. (2016). The urban heat island and its spatial scale dependent
impact on survival and development in butterflies of different thermal sensitivity. Wiley
Online Library. Retrieved from https://onlinelibrary.wiley.com/doi/10.1002/ece3.2166
Kamdem, C., Fossog, B.T., Simard, F., Etouna, J., Ndo, C., Kengne, P., Boussès, P., Etoa, F. X.,
Awono-Ambene, F., Fontenille, D., Antonio-Nkondjio, C., Besansky, N.J., Costantini, C.
(2012). Anthropogenic Habitat Disturbance and Ecological Divergence between Incipient
Species of the Malaria Mosquito Anopheles gambiae. Plos One. Retrieved from
https://doi.org/10.1371/journal.pone.0039453
Klingenberg, C., Barluenga, M., Meyer, A. (2007). Shape analysis of symmetric structures:
quantifying variation among individuals and asymmetry. Wiley Online Library. Retrieved
from https://onlinelibrary.wiley.com/doi/abs/10.1111/j.0014-3820.2002.tb00117.x
Koehl, M. (1996). When does morphology Matter? - Integrative Biology. Retrieved from
https://ib.berkeley.edu/labs/koehl/pdfs/WhenDoesMorphologyMatter_1996.pdf
Kriegman, S., Cheney, N., Bongard, J. (2018). How morphological development can guide
evolution. Sci Rep 8. Retrieved from https://doi.org/10.1038/s41598-018-31868-7
Lagisz, M. (2009). Changes in morphology of the ground beetle Pterostichus oblongopunctatus f.
(Coleoptera; Carabidae) from vicinities of a zinc and lead smelter. Wiley Online Library.
Retrieved from https://setac.onlinelibrary.wiley.com/doi/abs/10.1897/07-661.1
Leonard RJ, Wat K. K.Y., McArthur C, Hochuli D. F. (2008). Urbanisation and wing asymmetry in
the western honeybee (Apis mellifera, Linnaeus 1758) at multiple scales. PeerJ. 6: e5940 doi:
10.7717/peerj.5940
Lowe, E., Wilder, S., Hochuli, D. (2014). Urbanisation at multiple scales is associated with larger
size and higher fecundity of an orb-weaving spider. Plos One. Retrieved from
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105480
Magle, S., Angeloni, L. (2010). Effects of urbanization on the behavior of a keystone species.
ResearchGate. Retrieved from
https://www.researchgate.net/publication/233588197_Effects_of_urbanization_on_the_behav
iour_of_a_keystone_species
Martinson, H., Raupp, M. (2013). A meta-analysis of the effects of urbanization on ground beetle
communities. Ecosphere. doi: 10.1890/ES12-00262.1
McDonnell, M.J., Hahs A.K. (2015). Adaptation and adaptedness of organisms to urban
environments. Annual Review of Ecology, Evolution, and Systematics. Retrieved from
https://www.annualreviews.org/doi/abs/10.1146/annurev-ecolsys-112414-054258

McKinney, M. (2007). Effects of urbanization on species richness: A review of plants and animals.
Urban Ecosystems, 11, 161-176.
Merckx, T., Kaiser, A., Van Dyck, H. (2018). Increased body size along urbanization gradients at
both community and intraspecific level in macro‐moths. Wiley Online Library. Retrieved
from https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14151
Merckx, T., Van Dyck, H. (1970). Urbanization‐driven homogenization is more pronounced and
happens at wider spatial scales in nocturnal and mobile flying insects. USDA PubAg.
Retrieved from https://pubag.nal.usda.gov/catalog/6704465
Micheneau, C., Fournel, J., Warren, B., Hugel, S., Gauvin-Bialecki, A., Pailler, T., Chase, M.
(2010). Orthoptera, a new order of pollinator. Oxford Academic. Retrieved from
https://academic.oup.com/aob/article/105/3/355/91710
Miles, L., Breitbart, S., Wagner, H., Johnson, M. (2019). Urbanization shapes the ecology and
evolution of plant-arthropod herbivore interactions. Frontiers in Evolution and Ecology.
Retrieved from http://www.frontiersin.org/articles/10.3389/fevo.2019.00310/full
Multini, L., Wilke, A., Marrelli, M. (2018). Urbanization as a driver for temporal wing-shape
variation in Anopheles cruzii (Diptera: Culicidae). ScienceDirect. Retrieved from
https://www.sciencedirect.com/science/article/pii/S0001706X18308659
Papp, D., Mizser, S., Nagy, L., Vidic, A., Simon, E., Tóthmérész, B. (2020). Changes in
morphometric traits of ground beetles along urbanization gradients. Oxford Academic.
Retrieved from https://academic.oup.com/jinsectscience/article/20/1/5/5700578
Peck, L.S. (2011). Organisms and responses to environmental change. Mar Genomics. Retrieved
from https://pubmed.ncbi.nlm.nih.gov/22118635/
Peter, A., Seress, G., Sandor, K., Vincze, E., Klucsik, K., Liker, A. (2020). The effect of artificial
light at night on the biomass of caterpillars feeding in urban tree canopies. SpringerLink.
Retrieved from https://link.springer.com/article/10.1007/s11252-020-00999-z
Polidori, C., Pastor, A., Jorge, A., Pertusa, J. (2018). Ultrastructural alterations of midgut
epithelium, but not greater wing fluctuating asymmetry, in paper wasps (Polistes dominula)
from urban environments. National Library of Medicine. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/29560839/
Quirog, D., Tabugo, S.R. (2015). Population analysis via fluctuating asymmetry in the wings of
Aedes albopictus from selected barangays in Iligan City, Philippines. Journal of Entomology
and Zoology Studies. Retrieved from
https://www.entomoljournal.com/archives/2015/vol3issue6/PartA/3-5-111-138.pdf
Rocha, E., Fellowes, M. (2018). Does urbanization explain differences in interactions between an
insect herbivore and its natural enemies and mutualists? SpringerLink. Retrieved from
https://link.springer.com/content/pdf/10.1007/s11252-017-0727-5.pdf

Rohatgi, A. (2020). WebPlotDigitizer. Retrieved from https://apps.automeris.io/wpd/
Schoville, S.D., Widmer, I., Deschamps-Cottin, M., Manel, S. (2013) Morphological clines and
weak drift along an urbanization gradient in the butterfly, Pieris rapae. Plos One 8(12):
e83095. doi:10.1371/journal.pone.0083095
Seto, K., Shepherd, J. (1970). Global urban land-use trends and climate impacts. Semantic scholar.
Retrieved from https://www.semanticscholar.org/paper/Global-urban-land-use-trends-andclimate-impacts-Seto-Shepherd/41686dd87aac875b7a3aa4c9c74aff2397e09618
Shepherd, M. (2015). The science of why cities are warmer than rural areas. Forbes. Retrieved
from https://www.forbes.com/sites/marshallshepherd/2015/09/25/the-science-of-why-citiesare-warmer-than-rural-areas/?sh=162194c91744
Smith, D., Crespi, B., Bookstein, F. (2008). Fluctuating asymmetry in the honey bee, Apis
mellifera: effects of ploidy and hybridization. Wiley Online Library. Retrieved from
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1420-9101.1997.10040551.x
Snodgrass, R.E. (1935) Principles of Insect Morphology. Nature. Retrieved from
https://www.nature.com/articles/136812a0#citeas
Tait, C.J., Daniels, C.B., Hill, R.S. (2005). Changes in species assemblages within the Adelaide
metropolitan area, Australia. Ecological Applications. Retrieved from
https://doi.org/10.1890/04-0920
Theodorou, P., Radzevičiūtė, R., Lentendu, G., et al. (2020). Urban areas as hotspots for bees and
pollination but not a panacea for all insects. Nat Commun. vol.11, Retrieved from
https://doi.org/10.1038/s41467-020-14496-6
Van Valen, L. (1962). A study of fluctuating asymmetry. JSTOR. Retrieved from
https://www.jstor.org/stable/2406192
Venn, S., Kotze, J., Niemelä, J. (2003). Urbanization effects on carabid diversity in boreal forests.
European Journal of Entomology. Retrieved from
https://www.researchgate.net/publication/232537575_Urbanization_effects_on_carabid_dive
rsity_in_boreal_forests
Villalobos-Jiménez, G., Hassall, C. (2019) Wing shape patterns among urban, suburban, and rural
populations of Ischnura elegans (Odonata: Coenagrionidae), International Journal of
Odonatology, 22:1, 37-49, doi:10.1080/13887890.2018.1564074
Wanninger, A. (2015). Morphology is dead – long live morphology! Integrating MorphoEvoDevo
into molecular EvoDevo and phylogenomics. Frontiers in Ecology and Evolution. Retrieved
from https://doi.org/10.3389/fevo.2015.00054
Weisser, W.W., Siemann, E. (2008). Insect Herbivores, Nutrient Cycling and Plant Productivity,
Insects and ecosystem function (pp.27-28). Berlin: Springer.

Weller, B., Ganzhorn, J. (2004). Carabid beetle community composition, body size, and fluctuating
asymmetry along an urban-rural gradient. ScienceDirect. Retrieved from
https://www.sciencedirect.com/science/article/pii/S1439179104701723
Wilk-da-Silva, R., de Souza Leal Diniz, M.M.C., Marrelli, M.T. et al. (2018). Wing morphometric
variability in Aedes aegypti (Diptera: Culicidae) from different urban built environments.
Parasites Vectors. Retrieved from https://doi.org/10.1186/s13071-018-3154-4
Wilson, D. (2001). Practical Meta-Analysis Effect Size Calculator. Campbell Collaborations.
Retrieved from http://www.campbellcollaboration.org/escalc/html/EffectSizeCalculatorSMDmain.php

